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(54) PRODUCTION OF PROBE CARD 

(57)Abstract: 

PURPOSE: To break oxide deposited on the surface of 
inspection electrode of a semiconductor chip surely by 
forming irregularities uniformly on the top surface of a 
bump. 

CONSTITUTION: Bumps to be connected with the 
inspection electrodes of a semiconductor chip are 
formed on the surface of a flexible board. A plating layer 
21 of harder material than the bump 14 on the flexible 
board 1 2 provided with protrusions or recesses having 
diameter equal to or less than one half of the bump 14 is 
then formed a flat metal plate 20. The plating layer 21 of 
the flat metal plate 20 is pressed against the top surface 
of bumps 14 thus forming irregularities on the top 
surface of bumps 14. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



" CLAIMS 



[Claim(s)] 

[Claim 1] The process which is the manufacture approach of the probe card for inspecting the 
electrical property of the semiconductor chip formed on the semi-conductor wafer, and forms in 
the front face of a wiring substrate the bump connected with the checking electrode of said 
semiconductor chip, The process which forms the surface layer which becomes a substrate for 
press from an ingredient harder than said bump, and has the heights or the crevice of a path 
below one half of said bump's path, and by forcing the surface layer of said substrate for press 
on said bump's apical surface The manufacture approach of the probe card characterized by 
having the process which forms concave heights in said bump's apical surface. 
[Claim 2] The process which forms said surface layer in said substrate for press is the metal 
particles or the ceramics which becomes the front face of said substrate for press from nickel, 
Rh, Pd, or W with plating, or Si02. The manufacture approach of the probe card according to 
claim 1 characterized by including the process which forms the becoming particle. 
[Claim 3] The process which forms said surface layer in said substrate for press is the 
manufacture approach of the probe card according to claim 1 characterized by including the 
process which fixes to the front face of said substrate for press the particle which consists of 
nickel, Rh, Pd, or W with adhesives. 

[Claim 4] The manufacture approach of a probe card given in any 1 term of claims 1-3 
characterized by having the process which forms the deposit which consists of a metal harder 
than this bump in said bump's front face on which concave heights were formed in the apical 
surface. 

[Claim 5] It is the manufacture approach of a probe card given in any 1 term of claims 1-4 
characterized by changing the location of said substrate for press which the count of forcing is 2 
times or more in the process which forces the surface layer of said substrate for press on said 
bump's apical surface, and contacts said bump whenever it pushes once. 
[Claim 6] The wiring substrate which is the manufacture approach of the probe card for 
inspecting the electrical property of the semiconductor chip formed on the semi-conductor 
wafer, and has an interlayer insulation film between lower layer metal wiring and the upper metal 
electrode or between a base material and said metal electrode, Where the bump who is formed 
and is connected with the checking electrode of said semiconductor chip so that it may connect 
with the metal electrode of said upper layer electrically is held at the temperature which said 
interlayer insulation film softens The manufacture approach of the probe card characterized by 
having the process which said bump's tip is forced [ process ] on a flat substrate, and locates 
said bump's tip on the same flat surface. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of the probe card for 
the integrated circuit of two or more semiconductor chips formed on the semi-conductor wafer 
being put in block in the state of a wafer, and inspecting it. 
[0002] 

[Description of the Prior Art] In recent years, the demand of a miniaturization of as opposed to 
[ in connection with **** better ** and this ] a semiconductor device in the advance of the 
miniaturization of electronic equipment which carried semiconductor integrated circuit equipment 
(a semiconductor device is called henceforth.), and low-pricing, and low-pricing is strong. 
[0003] Usually, after a semiconductor chip and a leadframe are electrically connected by the 
bonding wire, a semiconductor device is supplied after the closure of a semiconductor chip and 
the leadframe has been carried out by resin or ceramics, and is mounted in a printed circuit 
board. However, to supply the bare chip with which the method of mounting a semiconductor 
device in the circuit board directly in the condition [ having started from the semi-conductor 
wafer ] (the semiconductor device of this condition being henceforth called a bare chip.) was 
developed, and quality was guaranteed from the demand of a miniaturization of electronic 
equipment by the low price is desired. 

[0004] In order to guarantee the quality to a bare chip, it is necessary to inspect a burn-in etc. 
in the state of a wafer to a semiconductor device, however, two or more bare chips currently 
formed on the semi-conductor wafer — receiving — one piece — or — some — every — since 
much time amount is required, in time, it is not realistic in cost to inspect by dividing into 
numbers of times. Then, it is required that it should bundle up in the state of a wafer to all bare 
chips, and a burn-in etc. should be inspected. 

[0005] In order to inspect by bundling up in the state of a wafer to a bare chip, it is necessary to 
impress supply voltage and a signal to the checking electrode of two or more semiconductor 
chips formed on the semi-conductor wafer at coincidence, and to operate these two or more 
semiconductor chips, for this reason — being alike — although it is necessary to prepare a 
probe card with a probe needle [ many / very / (usually thousands of or more pieces) ], in order 
to do in this way, with the conventional needle mold probe card, it cannot respond [ point / of a 
price ] from the point of the number of pins, either. 

[0006] Then, the contactor which consists of a probe card of the thin film mold with which the 
bump connected with the checking electrode of a semiconductor chip was prepared on the 
flexible wiring substrate is proposed (Japanese east technical report [ Vol.28, No. 2 (see Oct.1990 
PP.57-62) ]). 

[0007] Hereafter, the inspection approach of the semiconductor device performed using the 
manufacture approach of the aforementioned probe card and this probe card is explained. 
[0008] First, after forming an insulating layer on the surface of a metallic foil and forming a 
through hole in this insulating layer, one side of the electrode for plating is connected to a 
metallic foil, and electroplating is performed. If a deposit is attained to the front face of an 
insulating layer after it progresses so that a through hole may be filled, it will spread isotropic on 
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this front face, and will become semi-sphere-like. The deposit of the shape of this semi-sphere 
is a checking bump. Then, it etches to a metallic foil, a circuit pattern is formed, and a probe 
card is manufactured. 

[0009] Next, after performing alignment of a probe card and a semi-conductor wafer, a probe 
card is pushed against a semi-conductor wafer, the bump of a probe card is contacted to the 
checking electrode of a semiconductor chip, after that, supply voltage and a signal level are 
impressed to a bump, and a semiconductor device is inspected. 

[0010] By the way, since the checking electrode of a semiconductor chip is formed with the 
metal which is [ aluminum ] usually easy to oxidize, the front face of a checking electrode is 
covered with scaling film, such as an alumina. Then, in order to obtain the good electrical 
installation of the bump of a probe card, and the checking electrode of a semiconductor chip, it 
is necessary to press a probe card to a semi-conductor wafer, and to tear the scaling film by 
this thrust. 
[0011] 

[Problem(s) to be Solved by the Invention] However, if the number of the semiconductor chips 
formed in a semi-conductor wafer increases, the number of bumps formed in a probe card 
increases, and the thrust applied to per bump cannot but decrease. For this reason, it becomes 
impossible to tear the scaling film certainly by the bump, and there is a problem that variation 
arises in the contact resistance between a bump and a checking electrode. 

[0012] Then, by making the touch area of a bump and a checking electrode small, even when the 
thrust applied to per bump was fixed, the load per unit touch area became large, and thereby, 
these artificers took into consideration making it the scaling film of a checking electrode torn 
certainly. 

[0013] Specifically, the approach of forming irregularity with plating on the surface of a bump, the 
approach of etching into a bump's front face and forming irregularity, the approach of embedding 
a detailed particle on a bump's front face, and forming irregularity, etc. were taken into 
consideration as a policy for enlarging the load per unit touch area. 

[0014] However, there is the 1st problem that uniform irregularity can be formed in low cost by 
neither of the approaches at a bump's apical surface. 

[0015] Moreover, to a semi-conductor wafer being very flat, since the surface smoothness of a 
probe card is not enough, a bump's tip is not located on the same flat surface in many cases. For 
this reason, when the diameter of a semi-conductor yvafer becomes large and the number of 
semiconductor chips increases, there is the 2nd problem that none of the bumps of a probe card 
and all the checking electrodes of a semiconductor chip is connected certainly. 
[0016] In view of the above, this invention can form uniform irregularity in low cost at a bump's 
apical surface. By this It makes making it the scaling film of the checking electrode of a 
semiconductor chip torn certainly into the 1st purpose, and the tip of all the bumps of a probe 
card is located on the same flat surface. By this It sets it as the 2nd purpose that all the bumps 
of a probe card and all the checking electrodes of a semiconductor chip are connected certainly. 

[0017] 

[Means for Solving the Problem] In order to attain the 1st aforementioned purpose, invention of 
claim 1 forms irregularity in a bump's apical surface by forcing a bump's apical surface on the 
substrate which has the concave heights which consist of an ingredient harder than a bump. 
[0018] The solution means which invention of claim 1 provided concretely The process which 
forms in the front face of a wiring substrate the bump connected with the checking electrode of 
said semiconductor chip for the manufacture approach of the probe card for inspecting the 
electrical property of the semiconductor chip formed on the semi-conductor wafer, The process 
which forms the surface layer which becomes a substrate for press from an ingredient harder 
than said bump, and has the heights or the crevice of a path below one half of said bump's path, 
and by forcing the surface layer of said substrate for press on said bump's apical surface It 
considers as a configuration equipped with the process which forms concave heights in said 
bump's apical surface. 

[0019] The process at which invention of claim 2 forms said surface layer in said substrate for 
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press at the configuration of claim 1 is the metal particles or the ceramics which becomes the 

front face of said substrate for press from nickel, Rh, Pd, or W with plating, or Si02. A 

configuration including the process which forms the becoming particle is added. 

[0020] The process at which invention of claim 3 forms said surface layer in said substrate for 

press at the configuration of claim 1 adds a configuration including the process which fixes to 

the front face of said substrate for press the particle which consists of nickel, Rh, Pd, or W with 

adhesives. 

[0021] Invention of claim 4 adds the configuration which equips the configuration of claims 1-3 
with the process which forms the deposit which consists of a metal harder than this bump in 
said bump's front face on which concave heights were formed in the apical surface. 
[0022] In the process at which invention of claim 5 forces the surface layer of said substrate for 
press on said bump's apical surface at the configuration of claims 1-4, the count of forcing is 2 
times or more, and whenever it pushes once, it adds the configuration which changes the 
location of said substrate for press in contact with said bump. 

[0023] In order to attain the 2nd aforementioned purpose, invention of claim 6 carries out plastic 
deformation of the interlayer insulation film so that a bump's tip may be located on the same flat 
surface. 

[0024] The solution means which invention of claim 6 provided concretely The wiring substrate 
which has an interlayer insulation film between lower layer metal wiring and the upper metal 
electrode or between a base material and a metal electrode for the manufacture approach of the 
probe card for inspecting the electrical property of the semiconductor chip formed on the semi- 
conductor wafer, Where the bump who is formed and is connected with the checking electrode 
of said semiconductor chip so that it may connect with the metal electrode of said upper layer 
electrically is held at the temperature which said interlayer insulation film softens It considers as 
a configuration equipped with the process which said bump's tip is forced [ process ] on a flat Vj 
substrate, and locates said bump's tip on the same flat surface. 
[0025] 

[Function] If the surface layer which consists of an ingredient harder than a bump and has the 
heights or the crevice of a path below one half of a bump's path by the configuration of claim 1 
is forced on a bump's apical surface, since the heights or the crevice of said surface layer will be 
imprinted by a bump's apical surface, concave heights are formed. 

[0026] The metal particles or the ceramics which becomes the front face of the substrate for 
press from nickel, Rh, Pd, or W with plating by the configuration of claim 2, or Si02 Since the 
becoming particle is formed, it is uniform and the concave heights which have the path of 
desired magnitude can be formed in the front face of the substrate for press. 
[0027] Since the particle which consists of nickel, Rh, Pd, or W with adhesives is fixed to the 
front face of the substrate for press by the configuration of claim 3, it is uniform, and the 
concave heights which have the path of desired magnitude can be formed in the front face of the 
substrate for press. 

[0028] Since the deposit which consists of a metal harder than a bump is formed in a bump's 
front face on which concave heights were formed in the apical surface by the configuration of 
claim 4, the concave heights of a bump apical surface stop being able to wear out easily. 
[0029] In order to force the front face of the substrate for press at a bump's tip twice or more 
by the configuration of claim 5, shifting a location, it is uniform, and the concave heights which 
have the path of desired magnitude can be formed at a bump's tip. 

[0030] If a bump's tip is forced on a flat substrate where the wiring substrate with which the 
bump was formed is held by the configuration of claim 6 at the temperature which an interlayer 
insulation film softens, an interlayer insulation film will deform so that a bump's tip may be 
located on the same flat surface. Then, if the temperature of a flexible substrate is returned to 
ordinary temperature, an interlayer insulation film will hold and harden the condition that a 
bump's tip is located on the same flat surface. In this case, since the interlayer insulation film 
deformed plastically since the temperature which an interlayer insulation film softens was higher 
than the temperature of a burn-in does not deform again at the time of a burn-in, a burn-in can 
be performed good. 
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[0031] 

[Example] Hereafter, the manufacture approach of the probe card concerning one example of 
this invention is explained, referring to drawin g 1 and drawing 2 . 

[0032] First, the bump connected with the checking electrode of a semiconductor chip is formed 
in the front face of a flexible wiring substrate. 

[0033] As shown in drawin g 1 (a), after casting polyimide (or polyimide precursor) for the whole 
surface of copper foil 10 with a thickness of about 18 micrometers, heat polyimide, it is made to 
. dry and harden, and the polyimide layer 1 1 is formed. The thickness of the polyimide layer 1 1 
after hardening is about 25 micrometers, the coefficient of thermal expansion of polyimide — a 
copper coefficient of thermal expansion (16x10~6/degree C) and abbreviation — since it is the 
same, there is little curvature by the heat history of the flexible substrate 12 which consists of 
copper foil 10 and a polyimide layer 11. 

[0034] Then, as shown in drawing 1 (b), the through hole 1 3 with a diameter of about 30 
micrometers is formed in the polyimide layer 11. then, after copper foil 10 is alike on the other 
hand and applying a resist (illustration is omitted.), one side of the electrode for plating is 
connected to copper foil 10, and electroplating of nickel is performed. Since the other sides of 
copper foil 10 are covered with the resist, nickel is not plated. If the front face of the polyimide 
layer 1 1 is arrived at after a deposit is formed so that a through hole 1 3 may be filled, it will 
spread isotropic, and will become semi-sphere-like, and the bump 14 with a diameter of about 45 
micrometers will be formed. 

[0035] then, after removing the resist which copper foil 10 was alike on the other hand, and was 
applied, as shown in drawing 1 (c), it etches to copper foil 10 by the well-known approach, and 
the circuit pattern 1 5 is formed. 

[0036] Here, as a wiring substrate, the wiring substrate (a hard substrate is called henceforth) 
which used silicon, glass, the ceramics, or glass epoxy as the base material other than said 
flexible wiring substrate may be used. 

[0037] Next, the surface section which has heights or a crevice in the substrate for press is 
formed. 

[0038] For example, electroplating is performed to the front face of the metal plate which 
consists of copper, for example, it consists of nickel, and the deposit whose particle size is about 
1-10 micrometers is formed as a surface layer. About the particle size of nickel particle in this 
deposit, it is controllable by changing the additive and current density of plating liquid. That is, in 
order to usually make small particle size of nickel made to generate by plating, an additive like 
saccharin is used, but if the addition is lessened, the particle size of nickel will become small. 
Moreover, the diameter of a grain which makes current density low becomes small, and the 
diameter of a grain which makes current density high becomes large. Therefore, the deposit 
which consists of a particle with a particle size of about 1-10 micrometers can be formed by 
changing the additive and current density of plating liquid. 

[0039] Drawing 2 shows the enlargement in which the distribution condition of the particle of 
nickel plating is shown, and it is the case where particle size is about 5-10 micrometers, and 
distribution of a particle is dense and has become homogeneity. 

[0040] In addition, the front face of the substrate for press which consists of sheet glass may be 
ground against sand instead of an electroplating method, the concave heights whose particle size 
is about 1-10 micrometers may be formed, and the particle whose particle size is 1-10 
micrometers may be made to adhere to the front face of the substrate for press at homogeneity 
about the formation approach of a surface layer of having heights or a crevice in the substrate 
for press. 

[0041] Next, the surface layer of the substrate for press is pressed against a bump's 14 apical 
surface, and concave heights are formed in a bump's 1 4 apical surface. 

[0042] As shown in drawing 3 (a), as shown in drawing 3 (b), concave heights are formed in a 
bump's 14 apical surface by forcing the deposit 21 with a particle size of 3-10 micrometers 
formed in the front face of a metal plate 20 to the bump 14 of the flexible substrate 12. 
[0043] In the case of Au bump with a diameter of 40 micrometers, welding pressure at this time 
is per [ 5-50g ] one bump, and if it is made, 15-25g are desirable [ welding pressure ]. Moreover, 
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although the count of forcing can form the target concave heights mostly even once, it can fill 
uniformity more by pushing repeatedly 2 to 3 times. When pushing two or more times, it is good 
to shift the location of a metal plate 20, whenever it pushes once, and for a bump 14 to take 
care not to hit the same part of the deposit 21 formed in the front face of a metal plate 20. 
[0044] Next, the surface protective coat which becomes a bump's 14 apical surface from a 
deposit is formed. 

[0045] As a class of plating, any of electrolytic plating or electroless deposition are sufficient, 

and 1 micrometer or less is desirable so that the concave heights which Rh, nickel, Pd, W, etc. 

harder than nickel as a metallic material which constitutes a deposit were mentioned, and were 

formed in a bump's 14 apical surface as plating layer thickness may not hide. 

[0046] Next, the manufacture approach of the probe card which consists of the hard substrate 

and bump who used silicon, glass, the ceramics, glass epoxy, etc. for the base material is 

explained. 

[0047] Since the surface smoothness is not enough, a hard substrate is used after performing 
leveling (flattening). Usually, although the display flatness of a hard substrate changes with the 
base materials and processes, to the magnitude of a substrate, it is about 0.01 - 1%, and has the 
irregularity of several 10 micrometers or more with a 150mmx150mm substrate. Moreover, 
although the variation in bump height changes with the formation approaches, it is about 1-5 
micrometers in 150mmx150mm area. Since a probe card cannot call it flatness to a semi- 
conductor wafer being very flat, the bumps of a probe card and no checking electrode of a 
semiconductor chip may not connect with coincidence certainly. Then, in order to connect both 
to coincidence certainly, leveling is performed to a probe card. 
[0048] Hereafter, the approach of leveling is explained, referring to drawing 9 . 
[0049] First, a metal electrode 44 is further formed through an interlayer insulation film 43 with 
the metal wiring 42 on a glass substrate 41. An epoxy resin, polyimide resin, etc. are used for an 
interlayer insulation film 43. 

[0050] Next, a bump 45 is formed on a metal electrode 44 using a photosensitive resist etc. This 
bump's 45 tip is not located on the same flat surface, but produces several 100-micrometer 
variation from several 10 micrometers. As this key factor, there are variation of the display 
flatness of a glass substrate 41 and the thickness of an interlayer insulation film 43, variation of 
a bump's 45 height, etc. 

[0051] The probe card which consists of a hard substrate and a bump is heated at about 180 
degrees C in the condition of having inserted with the substrate of a flat pair. If it does in this 
way, the interlayer insulation film between lower layer metal wiring in a probe card and the upper 
metal electrode or between a base material and a metal electrode becomes soft, and the 
location at a bump's tip comes to be located on the same flat surface. Then, since the interlayer 
insulation film was deforming plastically even if it cooled the probe card to ordinary temperature, 
the location at a bump's tip has been located on the same flat surface. 

[0052] The evaluation test hereafter performed in order to evaluate this invention is explained. 
[0053] Drawing 4 shows how to push the bump 14 who has concave heights in an apical surface 
against the alumina layer 31 formed in the front face of the aluminum electrode 30. The forcing 
load in this case is about 10g per bump. 

[0054] Drawing 5 shows the indentation formed in the alumina layer, when the bump of the shape 
of a conventional semi-sphere is pushed against an aluminum electrode, the hollow of the well- 
organized configuration is formed in the aluminum electrode, and the alumina layer is not fully 
torn. 

[0055] Drawing 6 - drawing 7 show the indentation formed in the alumina layer, when the bump 
who manufactured according to said example is pushed against an aluminum electrode, the 
hollow of a complicated configuration is formed in the aluminum electrode also in which sample 
of No.1-No.6, and the alumina layer is torn certainly. 

[0056] Drawing 8 measures the contact resistance at the time of pushing the bump (it being 
indicated as the concave convex bump all over drawing.) with a diameter of 40 micrometers who 
manufactured according to semi-sphere-like a conventional bump (it is indicated as the 
hemispherical bump all over drawing.) with a diameter of 40 micrometers and said conventional 
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example against a checking electrode with a thickness of 1 micrometer it is thin from aluminum, 
respectively with the welding pressure of 10g per bump. In addition, a measurement current is 
1mA. In the case of the bump of said example, compared with the case of the bump of the 
conventional example, contact resistance is decreasing greatly so that clearly from drawing 8 . 
[0057] 

[Effect of the Invention] Since according to the manufacture approach of the probe card 
concerning invention of claim 1 the heights or the crevice of a path below one half of the bump 
formed in the surface layer of the substrate for press is imprinted by a bump's apical surface 
and uniform concave heights are formed in a bump's apical surface If a probe card is pushed 
against a semi-conductor wafer, since the scaling film of all the checking electrodes of a 
- semiconductor chip will be torn certainly, the good electrical installation of the bump of a probe 
card and the checking electrode of a semiconductor chip is obtained. 

[0058] Moreover, since the crevice and heights which were formed in the surface layer of the 
substrate for press are constituted by the ingredient harder than a bump, in one forcing, 
deformation is hardly seen, but they can repeat and use one substrate for press. Therefore, 
since irregularity uniform at a bump's tip only by forcing on a bump the substrate for press which 
can be used repeatedly can be formed, low cost-ization of a probe card can be attained. 
[0059] According to the manufacture approach of the probe card concerning invention of claim 

2, since the particle which is uniform to the surface layer of the substrate for press, and 
consists of nickel, Rh, Pd, or W of the path of desired magnitude with plating is formed, it is 
uniform to a bump's apical surface, and since the concave heights of desired magnitude can be 
formed, the scaling film of all the checking electrodes of a semiconductor chip can be torn more 
certainly. 

[0060] According to the manufacture approach of the probe card concerning invention of claim 

3, to the surface layer of the substrate for press, it is uniform, and since the particle of the path 
of desired magnitude has pasted up, it is uniform to a bump's apical surface, and since the 
concave heights of desired magnitude can be formed, the scaling film of all the checking 
electrodes of a semiconductor chip can be torn more certainly. 

[0061] Since according to the manufacture approach of the probe card concerning invention of 
claim 4 the deposit which consists of a metal harder than a bump on the surface of a bump is 
formed and the concave heights of a bump apical surface stop being able to wear out easily, the 
life of the bump of a probe card becomes long. 

[0062] Since the front face of the substrate for press is forced at a bump's tip twice or more 
according to the manufacture approach of the probe card concerning invention of claim 5, 
shifting a location, it is uniform, and since the concave heights which have the path of desired 
magnitude can be formed at a bump's tip, the scaling film of all the checking electrodes of a 
semiconductor chip can be torn more certainly. 

[0063] Since according to the manufacture approach of the probe card concerning invention of 
claim 6 the interlayer insulation film of a wiring substrate is deformed plastically so that a bump's 
tip may be located on the same flat surface and all the bumps of a probe card and all the 
checking electrodes of a semiconductor chip are connected certainly, a burn-in can be 
performed good. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Industrial Application] This invention relates to the manufacture approach of the probe card for 
the integrated circuit of two or more semiconductor chips formed on the semi-conductor wafer 
being put in block in the state of a wafer, and inspecting it. 
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PRIOR ART 



[Description of the Prior Art] In recent years, the demand of a miniaturization of as opposed to 
[ in connection with **** better ** and this ] a semiconductor device in the advance of the 
miniaturization of electronic equipment which carried semiconductor integrated circuit equipment 
(a semiconductor device is called henceforth.), and low-pricing, and low-pricing is strong. 
[0003] Usually, after a semiconductor chip and a leadframe are electrically connected by the 
bonding wire, a semiconductor device is supplied after the closure of a semiconductor chip and 
the leadframe has been carried out by resin or ceramics, and is mounted in a printed circuit 
board. However, to supply the bare chip with which the method of mounting a semiconductor 
device in the circuit board directly in the condition [ having started from the semi-conductor 
wafer ] (the semiconductor device of this condition being henceforth called a bare chip.) was 
developed, and quality was guaranteed from the demand of a miniaturization of electronic 
equipment by the low price is desired. 

[0004] In order to guarantee the quality to a bare chip, it is necessary to inspect a burn-in etc. 
in the state of a wafer to a semiconductor device, however, two or more bare chips currently 
formed on the semi-conductor wafer — receiving — one piece — or — some — every — since 
much time amount is required, in time, it is not realistic in cost to inspect by dividing into 
numbers of times. Then, it is required that it should bundle up in the state of a wafer to all bare 
chips, and a burnHn etc. should be inspected. 

[0005] In order to inspect by bundling up in the state of a wafer to a bare chip, it is necessary to 
impress supply voltage and a signal to the checking electrode of two or more semiconductor 
chips formed on the semi-conductor wafer at coincidence, and to operate these two or more 
semiconductor chips, for this reason — being alike — although it is necessary to prepare a 
probe card with a probe needle [ many / very / (usually thousands of or more pieces) ], in order 
to do in this way, with the conventional needle mold probe card, it cannot respond [ point / of a 
price ] from the point of the number of pins, either. 

[0006] Then, the contactor which consists of a probe card of the thin film mold with which the 
bump connected with the checking electrode of a semiconductor chip was prepared on the 
flexible wiring substrate is proposed (Japanese east technical report [ Vol.28, No.2 (see Oct.1990 
PP.57-62) ]). 

[0007] Hereafter, the inspection approach of the semiconductor device performed using the 
manufacture approach of the aforementioned probe card and this probe card is explained. 
[0008] First, after forming an insulating layer on the surface of a metallic foil and forming a 
through hole in this insulating layer, one side of the electrode for plating is connected to a 
metallic foil, and electroplating is performed. If a deposit is attained to the front face of an 
insulating layer after it progresses so that a through hole may be filled, it will spread isotropic on 
this front face, and will become semi-sphere-like. The deposit of the shape of this semi-sphere 
is a checking bump. Then, it etches to a metallic foil, a circuit pattern is formed, and a probe 
card is manufactured. 

[0009] Next, after performing alignment of a probe card and a semi-conductor wafer, a probe 
card is pushed against a semi-conductor wafer, the bump of a probe card is contacted to the 
checking electrode of a semiconductor chip, after that, supply voltage and a signal level are 
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impressed to a bump, and a semiconductor device is inspected. 

[0010] By the way, since the checking electrode of a semiconductor chip is formed with the 
metal which is [ aluminum ] usually easy to oxidize, the front face of a checking electrode is 
covered with scaling film, such as an alumina. Then, in order to obtain the good electrical 
installation of the bump of a probe card, and the checking electrode of a semiconductor chip, it 
is necessary to press a probe card to a semi-conductor wafer, and to tear the scaling film by 
this thrust. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Since according to the manufacture approach of the probe card 
concerning invention of claim 1 the heights or the crevice of a path below one half of the bump 
formed in the surface layer of the substrate for press is imprinted by a bump's apical surface 
and uniform concave heights are formed in a bump's apical surface If a probe card is pushed 
against a semi-conductor wafer, since the scaling film of all the checking electrodes of a 
semiconductor chip will be torn certainly, the good electrical installation of the bump of a probe 
card and the checking electrode of a semiconductor chip is obtained. 

[0058] Moreover, since the crevice and heights which were formed in the surface layer of the 
substrate for press are constituted by the ingredient harder than a bump, in one forcing, 
deformation is hardly seen, but they can repeat and use one substrate for press. Therefore, 
since irregularity uniform at a bump's tip only by forcing on a bump the substrate for press which 
can be used repeatedly can be formed, low costHzation of a probe card can be attained. 
[0059] According to the manufacture approach of the probe card concerning invention of claim 

2, since the particle which is uniform to the surface layer of the substrate for press, and 
consists of nickel, Rh, Pd, or W of the path of desired magnitude with plating is formed, it is 
uniform to a bump's apical surface, and since the concave heights of desired magnitude can be 
formed, the scaling film of all the checking electrodes of a semiconductor chip can be torn more 
certainly. 

[0060] According to the manufacture approach of the probe card concerning invention of claim 

3, to the surface layer of the substrate for press, it is uniform, and since the particle of the path 
of desired magnitude has pasted up, it is uniform to a bump's apical surface, and since the 
concave heights of desired magnitude can be formed, the scaling film of all the checking 
electrodes of a semiconductor chip can be torn more certainly. 

[0061] Since according to the manufacture approach of the probe card concerning invention of 
claim 4 the deposit which consists of a metal harder than a bump on the surface of a bump is 
formed and the concave heights of a bump apical surface stop being able to wear out easily, the 
life of the bump of a probe card becomes long. 

[0062] Since the front face of the substrate for press is forced at a bump's tip twice or more 
according to the manufacture approach of the probe card concerning invention of claim 5, 
shifting a location, it is uniform, and since the concave heights which have the path of desired 
magnitude can be formed at a bump's tip, the scaling film of all the checking electrodes of a 
semiconductor chip can be torn more certainly. 

[0063] Since according to the manufacture approach of the probe card concerning invention of 
claim 6 the interlayer insulation film of a wiring substrate is deformed plastically so that a bump's 
tip may be located on the same flat surface and all the bumps of a probe card and all the 
checking electrodes of a semiconductor chip are connected certainly, a burn-in can be 
performed good. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, if the number of the semiconductor chips 
formed in a semi-conductor wafer increases, the number of bumps formed in a probe card 
increases, and the thrust applied to per bump cannot but decrease. For this reason, it becomes 
impossible to tear the scaling film certainly by the bump, and there is a problem that variation 
arises in the contact resistance between a bump and a checking electrode. 

[0012] Then, by making the touch area of a bump and a checking electrode small, even when the 
thrust applied to per bump was fixed, the load per unit touch area became large, and thereby, 
these artificers took into consideration making it the scaling film of a checking electrode torn 
certainly. 

[0013] Specifically, the approach of forming irregularity with plating on the surface of a bump, the 
approach of etching into a bump's front face and forming irregularity, the approach of embedding 
a detailed particle on a bump's front face, and forming irregularity, etc. were taken into 
consideration as a policy for enlarging the load per unit touch area. 

[0014] However, there is the 1st problem that uniform irregularity can be formed in low cost by 
neither of the approaches at a bump's apical surface. 

[0015] Moreover, to a semi-conductor wafer being very flat, since the surface smoothness of a 
probe card is not enough, a bump's tip is not located on the same flat surface in many cases. For 
this reason, when the diameter of a semi-conductor wafer becomes large and the number of 
semiconductor chips increases, there is the 2nd problem that none of the bumps of a probe card 
and all the checking electrodes of a semiconductor chip is connected certainly. 
[0016] In view of the above, this invention can form uniform irregularity in low cost at a bump's 
apical surface. By this It makes making it the scaling film of the checking electrode of a 
semiconductor chip torn certainly into the 1st purpose, and the tip of all the bumps of a probe 
card is located on the same flat surface. By this It sets it as the 2nd purpose that all the bumps 
of a probe card and all the checking electrodes of a semiconductor chip are connected certainly. 
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MEANS 



[Means for Solving the Problem] In order to attain the 1st aforementioned purpose, invention of 
claim 1 forms irregularity in a bump's apical surface by forcing a bump's apical surface on the 
substrate which has the concave heights which consist of an ingredient harder than a bump. 
[0018] The solution means which invention of claim 1 provided concretely The process which 
forms in the front face of a wiring substrate the bump connected with the checking electrode of 
said semiconductor chip for the manufacture approach of the probe card for inspecting the 
electrical property of the semiconductor chip formed on the semi-conductor wafer, The process 
which forms the surface layer which becomes a substrate for press from an ingredient harder 
than said bump, and has the heights or the crevice of a path below one half of said bump's path, 
and by forcing the surface layer of said substrate for press on said bump's apical surface It 
considers as a configuration equipped with the process which forms concave heights in said 
bump's apical surface. 

[0019] The process at which invention of claim 2 forms said surface layer in said substrate for 
press at the configuration of claim 1 is the metal particles or the ceramics which becomes the 
front face of said substrate for press from nickel, Rh, Pd, or W with plating, or Si02. A 
configuration including the process which forms the becoming particle is added. 
[0020] The process at which invention of claim 3 forms said surface layer in said substrate for 
press at the configuration of claim 1 adds a configuration including the process which fixes to 
the front face of said substrate for press the particle which consists of nickel, Rh, Pd, or W with 
adhesives. 

[0021] Invention of claim 4 adds the configuration which equips the configuration of claims 1-3 
with the process which forms the deposit which consists of a metal harder than this bump in 
said bump's front face on which concave heights were formed in the apical surface. 
[0022] In the process at which invention of claim 5 forces the surface layer of said substrate for 
press on said bump's apical surface at the configuration of claims 1-4, the count of forcing is 2 
times or more, and whenever it pushes once, it adds the configuration which changes the 
location of said substrate for press in contact with said bump. 

[0023] In order to attain the 2nd aforementioned purpose, invention ofclaim 6 carries out plastic 
deformation of the interlayer insulation film so that a bump's tip may be located on the same flat 
surface. 

[0024] The solution means which invention of claim 6 provided concretely The wiring substrate 
which has an interlayer insulation film between lower layer metal wiring and the upper metal 
electrode or between a base material and a metal electrode for the manufacture approach of the 
probe card for inspecting the electrical property of the semiconductor chip formed on the semi- 
conductor wafer, Where the bump who is formed and is connected with the checking electrode 
of said semiconductor chip so that it may connect with the metal electrode of said upper layer 
electrically is held at the temperature which said interlayer insulation film softens It considers as 
a configuration equipped with the process which said bump's tip is forced [ process ] on a flat 
substrate, and locates said bump's tip on the same flat surface. 
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OPERATION 



[Function] If the surface layer which consists of an ingredient harder than a bump and has the 
heights or the crevice of a path below one half of a bump's path by the configuration of claim 1 
is forced on a bump's apical surface, since the heights or the crevice of said surface layer will be 
imprinted by a bump's apical surface, concave heights are formed. 

[0026] The metal particles or the ceramics which becomes the front face of the substrate for 
press from nickel, Rh, Pd, or W with plating by the configuration of claim 2, or Si02 Since the 
becoming particle is formed, it is uniform and the concave heights which have the path of 
desired magnitude can be formed in the front face of the substrate for press. 
[0027] Since the particle which consists of nickel, Rh, Pd, or W with adhesives is fixed to the 
front face of the substrate for press by the configuration of claim 3, it is uniform, and the 
concave heights which have the path of desired magnitude can be formed in the front face of the 
substrate for press. 

[0028] Since the deposit which consists of a metal harder than a bump is formed in a bump's 
front face on which concave heights were formed in the apical surface by the configuration of 
claim 4, the concave heights of a bump apical surface stop being able to wear out easily. 
[0029] In order to force the front face of the substrate for press at a bump's tip twice or more 
by the configuration of claim 5, shifting a location, it is uniform, and the concave heights which 
have the path of desired magnitude can be formed at a bump's tip. 

[0030] If a bump's tip is forced on a flat substrate where the wiring substrate with which the 
bump was formed is held by the configuration of claim 6 at the temperature which an interlayer 
insulation film softens, an interlayer insulation film will deform so that a bump's tip may be 
located on the same flat surface. Then, if the temperature of a flexible substrate is returned to 
ordinary temperature, an interlayer insulation film will hold and harden the condition that a 
bump's tip is located on the same flat surface. In this case, since the interlayer insulation film 
deformed plastically since the temperature which an interlayer insulation film softens was higher 
than the temperature of a burn-in does not deform again at the time of a burn-in, a burn-in can 
be performed good. 
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EXAMPLE 



[Example] Hereafter, the manufacture approach of the probe card concerning one example of 
this invention is explained, referring to drawin g 1 and drawin g 2 . 

[0032] First, the bump connected with the checking electrode of a semiconductor chip is formed 
in the front face of a flexible wiring substrate. 

[0033] As shown in drawin g 1 (a), after casting polyimide (or polyimide precursor) for the whole 
surface of copper foil 10 with a thickness of about 18 micrometers, heat polyimide, it is made to 
dry and harden, and the polyimide layer 1 1 is formed. The thickness of the polyimide layer 1 1 
after hardening is about 25 micrometers, the coefficient of thermal expansion of polyimide — a 
copper coefficient of thermal expansion (16x10-6/degree C) and abbreviation — since it is the 
same, there is little curvature by the heat history of the flexible substrate 12 which consists of 
copper foil 10 and a polyimide layer 11. 

[0034] Then, as shown in drawing 1 (b), the through hole 13 with a diameter of about 30 
micrometers is formed in the polyimide layer 1 1. then, after copper foil 10 is alike on the other 
hand and applying a resist (illustration is omitted.), one side of the electrode for plating is 
connected to copper foil 10, and electroplating of nickel is performed. Since the other sides of 
copper foil 10 are covered with the resist, nickel is not plated. If the front face of the polyimide 
layer 1 1 is arrived at after a deposit is formed so that a through hole 13 may be filled, it will 
spread isotropic, and will become semi-sphere-like, and the bump 14 with a diameter of about 45 
micrometers will be formed. 

[0035] then, after removing the resist which copper foil 10 was alike on the other hand, and was 
applied, as shown in drawing 1 (c), it etches to copper foil 10 by the well-known approach, and 
the circuit pattern 15 is formed. 

[0036] Here, as a wiring substrate, the wiring substrate (a hard substrate is called henceforth) 
which used silicon, glass, the ceramics, or glass epoxy as the base material other than said 
flexible wiring substrate may be used. 

[0037] Next, the surface section which has heights or a crevice in the substrate for press is 
formed. 

[0038] For example, electroplating is performed to the front face of the metal plate which 
consists of copper, for example, it consists of nickel, and the deposit whose particle size is about 
1-10 micrometers is formed as a surface layer. About the particle size of nickel particle in this 
deposit, it is controllable by changing the additive and current density of plating liquid. That is, in 
order to usually make small particle size of nickel made to generate by plating, an additive like 
saccharin is used, but if the addition is lessened, the particle size of nickel will become small. 
Moreover, the diameter of a grain which makes current density low becomes small, and the 
diameter of a grain which makes current density high becomes large. Therefore, the deposit 
which consists of a particle with a particle size of about 1-10 micrometers can be formed by 
changing the additive and current density of plating liquid. 

[0039] Drawing 2 shows the enlargement in which the distribution condition of the particle of 
nickel plating is shown, and it is the case where particle size is about 5-10 micrometers, and 
distribution of a particle is dense and has become homogeneity. 

[0040] In addition, the front face of the substrate for press which consists of sheet glass may be 
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ground against sand instead of an electroplating method, the concave heights whose particle size 
is about 1~10 micrometers may be formed, and the particle whose particle size is 1-10 
micrometers may be made to adhere to the front face of the substrate for press at homogeneity 
about the formation approach of a surface layer of having heights or a crevice in the substrate 
for press. 

[0041] Next, the surface layer of the substrate for press is pressed against a bump's 14 apical 
surface, and concave heights are formed in a bump's 14 apical surface. 

[0042] As shown in drawing 3 (a), as shown in drawing 3 (b), concave heights are formed in a 

im 

bump's 14 apical surface by forcing the deposit 21 with a particle size of 3-10 micrometers 
formed in the front face of a metal plate 20 to the bump 14 of the flexible substrate 12. 
[0043] In the case of Au bump with a diameter of 40 micrometers, welding pressure at this time 
is per [ 5-50g] one bump, and if it is made, 15-25g are desirable [ welding pressure ]. Moreover, 
although the count of forcing can form the target concave heights mostly even once, it can fill 
uniformity more by pushing repeatedly 2 to 3 times. When pushing two or more times, it is good 
to shift the location of a metal plate 20, whenever it pushes once, and for a bump 14 to take 
care not to hit the same part of the deposit 21 formed in the front face of a metal plate 20. 
[0044] Next, the surface protective coat which becomes a bump's 14 apical surface from a 
deposit is formed. 

[0045] As a class of plating, any of electrolytic plating or electroless deposition are sufficient, 

and 1 micrometer or less is desirable so that the concave heights which Rh, nickel, Pd, W, etc. 

harder than nickel as a metallic material which constitutes a deposit were mentioned, and were 

formed in a bump's 14 apical surface as plating layer thickness may not hide. 

[0046] Next, the manufacture approach of the probe card which consists of the hard substrate 

and bump who used silicon, glass, the ceramics, glass epoxy, etc. for the base material is 

explained. 

[0047] Since the surface smoothness is not enough, a hard substrate is used after performing 
leveling (flattening). Usually, although the display flatness of a hard substrate changes with the 
base materials and processes, to the magnitude of a substrate, it is about 0.01 - 1%, and has the 
irregularity of several 10 micrometers or more with a 150mmx150mm substrate. Moreover, 
although the variation in bump height changes with the formation approaches, it is about 1-5 
micrometers in 150mmx150mm area. Since a probe card cannot call it flatness to a semi- 
conductor wafer being very flat, the bumps of a probe card and no checking electrode of a 
semiconductor chip may not connect with coincidence certainly. Then, in order to connect both 
to coincidence certainly, leveling is performed to a probe card. 
[0048] Hereafter, the approach of leveling is explained, referring to drawin g 9 . 
[0049] First, a metal electrode 44 is further formed through an interlayer insulation film 43 with 
the metal wiring 42 on a glass substrate 41. An epoxy resin, polyimide resin, etc. are used for an 
interlayer insulation film 43. 

[0050] Next, a bump 45 is formed on a metal electrode 44 using a photosensitive resist etc. This 
bump's 45 tip is not located on the same flat surface, but produces several 1 00-micrometer 
variation from several 10 micrometers. As this key factor, there are variation of the display 
flatness of a glass substrate 41 and the thickness of an interlayer insulation film 43, variation of 
a bump's 45 height, etc. 

[0051] The probe card which consists of a hard substrate and a bump is heated at about 180 
degrees C in the condition of having inserted with the substrate of a flat pair. If it does in this 
way, the interlayer insulation film between lower layer metal wiring in a probe card and the upper 
metal electrode or between a base material and a metal electrode becomes soft, and the 
location at a bump's tip comes to be located on the same flat surface. Then, since the interlayer 
insulation film was deforming plastically even if it cooled the probe card to ordinary temperature, 
the location at a bump's tip has been located on the same flat surface. 

[0052] The evaluation test hereafter performed in order to evaluate this invention is explained. 
[0053] Drawing 4 shows how to push the bump 14 who has concave heights in an apical surface 
against the alumina layer 31 formed in the front face of the aluminum electrode 30. The forcing 
load in this case is about 10g per bump. 
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[0054] Drawing 5 shows the indentation formed in the alumina layer, when the bump of the shape 
of a conventional semi-sphere is pushed against an aluminum electrode, the hollow of the well- 
organized configuration is formed in the aluminum electrode, and the alumina layer is not fully 
torn. 

[0055] Drawing 6 - drawing 7 show the indentation formed in the alumina layer, when the bump 
who manufactured according to said example is pushed against an aluminum electrode, the 
hollow of a complicated configuration is formed in the aluminum electrode also in which sample 
of No.1-No.6, and the alumina layer is torn certainly. 

[0056] Drawing 8 measures the contact resistance at the time of pushing the bump (it being 
indicated as the concave convex bump all over drawing.) with a diameter of 40 micrometers who 
manufactured according to semi-sphere-like a conventional bump (it is indicated as the 
hemispherical bump all over drawing.) with a diameter of 40 micrometers and said conventional 
example against a checking electrode with a thickness of 1 micrometer it is thin from aluminum, 
respectively with the welding pressure of 10g per bump. In addition, a measurement current is 
1mA. In the case of the bump of said example, compared with the case of the bump of the 
conventional example, contact resistance is decreasing greatly so that clearly from drawing 8 . 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawin g 1] It is a sectional view explaining each process of the manufacture approach of the 
probe card concerning one example of this invention. 

[Drawing 2] It is the photograph of the thin film which consists of a nickel particle formed on the 
surface of the metal plate in the manufacture approach of the probe card concerning said one 
example. 

[Drawing 3] It is a sectional view explaining each process of the manufacture approach of the 
probe card concerning said one example. 

[Drawing 4] It is the sectional view showing the approach of the evaluation test performed in 
order to evaluate this invention. 

[Drawin g 5] It is the photograph of the thin film in which the configuration of the indentation 
when pushing against an aluminum electrode the bump formed by the manufacture approach of 
the conventional probe card is shown. 

[Drawing 6] They are the photograph of the thin film in which the configuration of the indentation 
when pushing against an aluminum electrode the photograph of the thin film a bump's front face 
formed by the manufacture approach of the probe card concerning said one example and said 
bump is shown, and its sketch. 

[Drawing 7] They are the photograph of the thin film in which the configuration of the indentation 
when pushing against an aluminum electrode the photograph of the thin film a bump's front face 
formed by the manufacture approach of the probe card concerning said one example and said 
bump is shown, and its sketch. 

[Drawing 8] It is drawing showing the relation of the bump's configuration and contact resistance 
which were formed by the manufacture approach of the probe card concerning one example of 
the former and this invention. 

[Drawing 9] It is a sectional view explaining each process of the manufacture approach of the 
probe card concerning said one example. 
[Description of Notations] 

10 Copper Foil 

1 1 Polyimide Layer 

1 2 Flexible Substrate 

13 Through Hole 

14 Bump 

20 Metal Plate 

21 Deposit 

30 Aluminum Electrode 

31 Alumina Layer 

41 Glass Substrate 

42 Metal Wiring 

43 Interlayer Insulation Film 

44 Metal Electrode 

45 Bump 
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